ABSTRACT
INTRODUCTION
The whole of western Sumatra geological formation is a part of an active volcanic arc that has a length over 1700 km. There are at least 30 high temperature systems (reservoir temperatures > 200 o C ) along the active Sumatra Arc that transfer heat from crustal intrusion to the surface. These systems together with eleven active volcanoes, five degassing volcanoes and one caldera volcano (Lake Toba), are controlled by Sumatra Fault Zone. At least half of the active and degassing volcanoes are associated with volcanoes geothermal reservoirs containing magmatic gases and acid fluids [1] .
To understand this geothermal field system, some information about geochemistry composition of fluid is needed, including isotope geochemistry. The chemical and isotopic compositions of geothermal fluid components provide information about sub surface reservoir temperature, their origin of fluid and recharge area as well as flow patterns. In addition, cooling processes of the fluid during ascent to the surface due to heat conduction, admixtures with cold water or steam loses can be studied by means of chemical and isotopic compositions as well as their variations [2] [3] [4] S have been applied in geothermal fields to evaluate their reservoir temperature in addition of chemical data. These isotopes are contained in some of the major fluid components, for examples: water or steam, carbon dioxide, sulphur dioxide, methane, dissolved sulphate and sulphide [2, 3] . Indonesia has applied an 18 O and 34 S isotope in dissolved sulphate since 1992 namely after installing of sulphide and sulphate preparation line and Delta-S mass spectrometer in hydrology laboratory of PATIR-BATAN.
Over three decades, sulphur isotope abundances have been used to unravel the geochemistry of natural sulphates. In recent years oxygen isotope composition of sulphate have been applied in hydrological as well as geothermal research. New Zealand has applied both isotopes in many geothermal system and volcanoes since early 1960's for geothermometry, but recently these isotopic data have been used for residence time and for determining the origin of sulphur [3] .
In this investigation,
18
O and 34 S in dissolved sulphates are used to determine the origin of sulphates and to evaluate the process influencing the abundance of both isotopes. Fluid samples are collected from crater, wells, fumaroles and hot springs in Sumatra geothermal fields.
EXPERIMENTAL SECTION

Material
The materials used in this experiment were HgCl 2 , liquid nitrogen, acetone p.a, CO 2 gas high pure 99.9% , graphite, distilled water , BaCl 2 10%, dry ice, Cl 
Equipments
The equipments used in this experiment were Sira 9 ISOGAS mass spectrometer and isoprep
18
O line, Delta S Finnigan mass spectrometer, sulphate preparation line, sulphide preparation line, analytical balance, pH meter, digital thermometer, agate mortar, hot plate, platinum foil, dewar, condenser and separator, 20-mL glass vials and 10-L plastic bottles, glass column: internal diameter 28 mm and height 200 mm.
Procedures
Sampling methods
Fluid samples were collected in 20 mL glass vial, for O-18 in water analysis. These samples must be sealed tightly to prevent evaporation process. For
18
O and 34 S in dissolved sulphate, the fluid samples were collected in 10-Lt plastic bottles or depend on their sulphate content, then 1 mg HgCl 2 was added for sulphate preservation from bacterial activities. For collecting fluid samples from production wells, condenser and separator were installed at their wellheads and used to separate the liquid fluid from vapor. [5] Isotope 
Analysis of O-18 isotope in water
Preparation of CO 2 gas for
18
O isotope analysis in dissolved sulphates [6] .
O in dissolved sulphates from geothermal fluids was analyzed according to Rafter method. For pretreatment purpose, sulphate concentration should be determined previously. If sulphate concentration in fluids is higher than 50 ppm, the samples can be directly precipitated as BaSO 4 by adding BaCl 2 whereas the low sulphate samples should be passed through the ionic resin column. Ionic resin column was conditioned by eluting 150 mL of HCl at a rate of 4-5 mL/min and then 300 mL of distilled water at the same rate. About 10 L of filtered sample was passed through the column at flow rate of 150-200 mL/min, allowing the sulphate compound to be absorbed completely. 300 ml of NaCl was eluted through column at a flow rate of 1 mL/min in order to dissolve the absorbed sulphate then this concentrated sulphate was put in beaker glass. This sample was reduced its pH to 4 by dropping 10 % HCl and heated (90 -100 o C) to remove CO 2 gas. An amount of BaCl 2 was added to form the white precipitation of BaSO 4 .
About 50 mg precipitation of BaSO 4 was grinded with graphite. This sample was transferred to platinum boat and placed to reactor in sulphate preparation line. Reduction process was taken place at temperature of 1200 o C under vacuum condition, its reaction as follow:
(2) The released water vapor was trapped using acetonedry ice mixture (about -78 O C) whereas CO and CO 2 gas were passed and trapped in a discharge tube which was placed in liquid nitrogen dewar (-196 o C). Conversion of CO to CO 2 gas was taken place under high voltage current (1.2 KV), which passed through two platinum electrodes in the discharge tube. The evolved CO 2 gas was transferred to a sample bottle and ready to be injected to mass spectrometer.
Preparation of SO 2 gas for
34
S isotope analysis [7] Analysis of 34 S in dissolved sulphates was conducted in sulphide preparation line according to Robinson-Kusakabe oxidizing method. Samples of dissolved sulphate should be in the form of Ag 2 S. Sulphate reduction as explained above would remain in the form of BaS that can be precipitated as Ag 2 S by adding AgNO 3 . The important process in sulphide preparation line consist of some steps that are evacuating line, burning samples at 800-1100 o C, and collecting SO 2 gas. About 20-30 mg of Ag 2 S that have been grinded with 60-80 mg Cu 2 O were placed in platinum foil and then inserted in reactor. This line can be loaded with six samples in one running through queue system. After evacuating line completely, warming samples at about 100 o C was started in which to release water vapor and other contaminating gases 1998. 
The same as oxygen isotope ratio, the "R" of sulphur is 
RESULT AND DISCUSSION
Sampling locations of some hot springs, fumaroles, wells and crater along Sumatra geothermal fields are shown at Fig 1 whereas less than 1. Hochstein has classified some geothermal high temperature system in Sumatra, which some sampling locations were also collected in this experiment. The high temperature in Sumatra basin is probably caused by cooling of deep intrusions or some input in basement granites or deep lateral flows of heated fluid or some combinations of these mechanisms [1] . As mentioned above that the objective of this experiment is to evaluate the state of sulphur and oxygen isotopes of dissolved sulphates from various manifestations in Sumatra geothermal fields and hopefully will answer the question of the origin of acidic fluids through the correlation both isotopes. Oxygen isotope in water is also enclosed in these results in order to know the percentage of water in oxidation reaction of sulphides. Isotope data of [8, 9] , the value of  34 S in sulphide of volcanic and hydrothermal source is approximately 0 0 / 00 [8] , gas samples collected from fumaroles shows that the samples associated with volcanic geothermal system are also partly of magmatic origin [10] .
The  34 S (SO4) from two fumarolic samples collected have a similarity with standard  34 S for magmatic sulphur. At the high temperatures of magmatic source, the main sulphur containing gases are SO 2 and H 2 S. Seemly, the sulphur isotopic composition of dissolved sulphate formed around fumarolic areas can greatly affected by sulphur isotopic composition of hydrogen sulphide from magma. Analysis of  34 S for sulphide fluids,  34 S (H2S) , and pyrite mineral might be able to ensure these relationships (not yet analyzed in this experiment), because pyrite is also composed in granites rocks as mainly constituent of the basement of southern Sumatra [1] .
The dissolved sulphate from hot springs shows a wider range of  S (SO4) collected at the surfaces (more exposed to atmosphere) might not have the same isotopic composition as at depth (from wells). Mixing with sulphate bearing shallow groundwater also affects the isotopic composition of dissolved sulphate, which will no longer reflect that of the deep geothermal sulphate.
However, the sulphate dissolved in these shallow groundwater often also show changed  (12) . 
